The present work aimed to describe and compare both gross and microscopic structure of the oesophagus of Nile tilapia (Oreochromis niloticus) and African catfish (Clarias gariepinus). For this purpose, 60 specimens of oesophagus of Nile tilapia (omnivorous fish) and African catfish (carnivorous fish) were collected and processed. Anatomically, the oesophagus of both species appeared as a short tube with longitudinal mucosal folds. Using scanning electron microscope, the epithelial surface of the esophagus showed primary and secondary mucosal folds in both species while tertiary folds were observed in that of tilapia only. Histologically, the oesophagus consisted of four distinct layers: mucosa, submucosa, muscularis, and serosa. The oesophageal mucosa consisted of stratified epithelium with few mucous secreting cells in catfish and many mucous secreting cells in tilapia. Two types of mucous secreting cells reacted positively with both periodic acid shiff (PAS) and alcian blue (AB); rounded and elongated cells that were recognized in the esophageal epithelium of tilapia and only elongated oval cells were observed in that of catfish. In conclusion, the obtained histomorphological differences in esophagus of both fish species may be attributed to their different feeding habits and type of food.
Introduction
The Nile tilapia, Oreochromis niloticus, and African catfish, Clarias gariepinus, are the most important fresh water fishes in the Nile River in Egypt. According to Gafrd, [1] these two fish species have a great economic importance, where the Nile tilapia constitutes about 32% and African catfish about 17.5% of the total country catch. In this concern, Osman and Caceci [2] reported that tilapia species are the most common fishes in the Egyptian part of the Nile River. These tilapia species are well adapted to live in both fresh and brackish water at the Nile estuary at Rashid, Edku, Damietta (on the Mediterranean Sea), and Ismailia (Ismailia fork at the Suez Canal).
The anatomy and histology of the digestive tract of teleostean fish have been described by many authors [3] [4] [5] [6] [7] [8] [9] . On the other hand, there are few studies dealing with the ultrastructure of the digestive tract. The teleost digestive tract is histologically simpler compared to mammals, probably because it is so easy to provide an aqueous vehicle for the digestive products and also because, at least in some species, the rate of digestion can be slow, and less complex digestive glands and a less well-developed muscular apparatus are needed [10] . As a part of the digestive tract, the esophagus is short muscular tube which connects the pharyngeal cavity with the stomach [11] . As in most vertebrates, the main function of esophagus in fishes is transporting food particles from the mouth cavity to the stomach. Also it is provided with the mucous secreting cells for lubrication [12, 13] .
The aim of the present study is to describe and compare the anatomical and histological structures of the esophagus of the Nile tilapia (omnivorous fish) and the African catfish (carnivorous fish) using gross, light, and scanning electron microscopy. This may provide comparative bases for the 2 Journal of Histology future studies on the feeding patterns of both species as well as a contribution to the development of fish farming.
Materials and Methods

Sample Collection.
A total number of sixty apparently healthy adult fishes of both sexes, 30 of Nile tilapia, Oreochromis niloticus, their weights from 145 to 500 g and their lengths from 19 to 28 cm, and 30 of African Catfish, Clarias gariepinus, their weights from 175 to 700 g and their lengths from 28 to 42 cm were obtained from the Nile River at different localities in Beni-Suef Governorate. The fishes were transported in plastic aquaria to the laboratory within two hours to allow the aerial respiration for the catfish.
Gross Examination.
Thirty fishes (15 Nile tilapia and 15 African catfish) were used to demonstrate the gross morphological features of the esophagus. At first, the fishes were sacrificed and an incision was made at the ventral aspect of the body from the anal opening to the interbranchial membrane. The esophagus was grossly examined in situ and dissected; the length and diameter were measured using a caliber and photographed using a digital camera (Kodak, 14 megapixels and 4x optical zoom).
Light Microscopy.
For histological studies, twenty fishes (10 Nile tilapia and 10 African catfish) were collected, euthanized, and dissected immediately in the field. Small pieces (0.5 cm × 0.5 cm) from the anterior, middle, and posterior parts of the esophagus were obtained and immediately immersed into Bouin's fluid fixative for 24 hours. The fixed specimens were dehydrated in graded ethanol concentrations (50% to absolute), cleared in two changes of xylene, and embedded in paraplast. Sections of about 4-6 m thick were obtained and mounted on clean and dry glass slides to be stained with Harris' hematoxylin eosin, periodic acid shiff (PAS), alcian blue, and Crossman's trichrome stain [14] .
Scanning Electron Microscopy.
Esophagus samples from ten fishes (5 Nile tilapia and 5 African catfish) were used. The esophageal specimens were fixed in 3% glutaraldehyde solution in phosphate buffer (pH 7.2 to 7.4) and were postfixed with 1% osmium tetroxide in 0.1 M sodium cacodylate buffer at pH 7.2 for 1 h at 4 ∘ C. Thereafter, the specimens were dehydrated through graded series of ethanol and critical point-dried. They were attached to aluminum stubs facing upwards, covered with carbon tabs, and then the samples were sputtered with gold. The specimens were examined with a JEOL/EO-JSM-6510 LV scanning electron microscope at Faculty of Science, Beni-Suef University, Egypt.
Results
Gross Morphological Structures.
The Nile tilapia had an elongated moderately compressed variable coloration body with large scales. They had distinctive, regular, and vertical stripes extending as far down the body as the bottom edge of the caudal fin. The head was broad and the mouth was small and terminal in position without barbells (Figure 1(a) ). The catfish had a slender blackish-colored body without scales and a flat bony head. The mouth was terminal in position with four pairs of barbells ( Figure 1(b) ). In both fish species, there was no distinct limit for the esophagus, which was, therefore, taken to extend from the posterior structure of the buccopharyngeal cavity to the area where the fundic glands appeared.
The esophagus of Nile tilapia (Figures 2 and 3 ) was short and dilatable membranous tube connected the pharyngeal cavity to the initial part of the stomach; its shape was cylindrical and straight along its entire length. It was located dorsal to the rostral part of the liver. Its mean was about 2-2.5 cm. It was not divided as its diameter was the same along its whole length; its mean diameter was about 1-1.2 cm.
The esophagus of African catfish (Figures 2 and 3 ) was short musculomembranous tube about 2-3 cm long beginning at the posterior edge of the pharyngeal tooth pads. It started with a dilated funnel-shaped part about 2-2.2 cm in diameter and its posterior part was tubular in shape. The esophagus extended caudoventrally from the pharynx and passes through the transverse septum, ventral to the anterior kidney, and dorsal to the visceral surface of the liver. The transverse septum was a white glistening fibrous membrane that firmly attached the esophagus to the dorsum of the body cavity. Caudal to the anterior kidney, the esophagus joined the anterior end of the stomach. The transition from the esophagus to the stomach (Figure 3 ) is only distinguished by the change in size of the mucosal folds in the interior of the stomach. In all examined esophagus specimens of African catfish, these folds were longitudinal and were twelve in number.
Microscopical
Structures. The esophagus of tilapia and catfish was formed of four concentric layers from inside to outside: mucosa, submucosa, double layered muscularis (composed of inner longitudinal and outer circular sublayers), and serosa ( Figure 4 ). The mucosa showed large number of longitudinal folds extending along the whole length of the esophageal tube giving the lumen of the esophagus starshaped appearance in all examined sections. These longitudinal folds were more prominent in catfish than tilapia.
The mucosal folds of the tilapia ( Figure 5 (a)) were thicker and shorter and were represented by primary folds only when compared with those of catfish which appeared thinner and taller and were formed of primary carrying secondary folds ( Figure 5(b) ). These mucosal folds were lined with stratified squamous epithelium which was composed of undifferentiated basal epithelial cells, followed by several layers of mucous secreting cells covered superficially by 1-2 layers of low cuboidal to flattened cells ( Figure 6 ).
In tilapia, rounded and elongated mucous secreting cells were recognized in the epithelium of the esophagus. The rounded cells were larger in size, concentrated basally, and represented the majority of mucous secreting cells. Elongated cells, on the other hand, have small size and are present in the superficial part of the epithelium. Both cell types were stained purple with periodic acid shiff (Figure 7(a) ). In catfish, elongated oval mucous secreting cells were the most prominent mucous cells in the esophageal epithelium and occupied the superficial part of the epithelium (Figure 7(b) ). The mucous secreting cells in the esophagus of both fish species showed positive alcianophilic reaction (Figure 8 ). Moreover, no taste buds could be detected in the esophageal mucosa neither in tilapia nor in catfish. A thick layer of densely packed collagen fibers and many blood vessels beneath the epithelium was present and extended to fill the cores of the mucosal folds represented the lamina propria-submucosa and appeared thicker in catfish than tilapia. The muscularis mucosa was not found in the esophagus of both species.
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The muscularis layer of the esophagus in tilapia was composed of thick inner longitudinal and outer circular layer of striated muscle fibers intermingled with loose connective tissue mainly collagen fibers. These double layered muscular bundles were thicker in the esophagus of catfish (Figures 9(a) and 9(b)). The tunica serosa was composed of two sublayers: lamina subserosa which was composed of loose connective tissue with many blood vessels and lamina epithelialis serosa which was composed of mesothelial cells.
Scanning Electron Microscopic
Observations. The mucosa of the esophagus in both species showed many prominent primary longitudinal folds ran the length of the esophagus and leaving long furrows in between them (Figures 10  and 11 ) While secondary folding predominated near the pharynx and stomach junctions in both species, only tertiary folds were found in tilapia esophageal mucosa ( Figure 10 ). The characteristic feature of this region was the division of its surface into a series of irregular well-circumscribed areas. These are the so-called stratified epithelial cells which contained many well-defined wavy microridges. Some pock marks representing the luminal surface of mucous secreting cells were found in between the cell junctions. A few circular openings of empty mucous secreting cells were also detected in this region. Mucous droplets secreted by the mucous secreting cells were scattered through the epithelial sheet ( Figures 10 and 11) . These mucous droplets were of different sizes and more numerous on the sides than on the top of the mucous folds. Similar aggregations of mucus-secreting cells occurred on the tops of these folds, in discrete patches. Taste buds were not detected during the screening of the epithelial surface along the length of the esophagus of either tilapia or catfish.
Discussion
The results obtained in this study revealed some differences in the gross and microscopic structures of the esophagus of Nile tilapia (omnivorous fish) compared to that of African catfish (carnivorous fish), which could be attributed to the type of food and feeding habits of both species.
Generally, the principle function of the esophagus in fish is food transferring. However, a greater number of mucous secreting cells appeared in the esophageal epithelium of tilapia and catfish suggested the presence of a pregastric digestion and hence it could be postulated that the esophagus had an additional digestion function as detected in other fishes [15] .
The esophageal mucosa in tilapia and catfish was characterized by the presence of longitudinal folds; in the anterior part of the esophagus of catfish, there were numerous mucosal folds that may allow maximal distension for the prey and broken down food, and it was lined by stratified epithelium with mucous secreting cells. The epithelium of the anterior part of the esophagus of carnivorous fish acted as a constitutive adaptation that protected the esophagus against live prey damages [16] [17] [18] . Moreover, the gross examination of the entire surface of the esophagus in catfish by the naked eye revealed definite twelve parallel folds arranged longitudinally that could not be observed in the esophagus of tilapia. Microscopically, these folds were deep and involved both the mucosa and submucosa. The transition from the esophagus to the stomach was sharp as observed in some tropical freshwater fishes [19] . The longitudinal folds detected in the esophageal mucosa of tilapia and catfish were numerous and finer in tilapia, while in catfish these esophageal mucosal folds were fewer and large with deep furrows in between. These longitudinal folds may lead to increase the capacity of the organ for distension during the food transportation [20, 21] .
Our findings revealed that the esophageal epithelium of both species composed of stratified epithelium with nonkeratinized cuboidal to flattened surface cells along its entire length; this was in contrast with the findings of Abd El Hafez et al. [16] in catfish who stated that the epithelium of the posterior part of the esophagus is composed of simple columnar mucus secreting epithelium. Moreover, in yellow catfish, the epithelial lining of the esophagus is stratified epithelium of columnar type [22] and in Nile tilapia the esophagus was lined by squamous epithelium and numerous goblet cells [23] .
The histochemical examination of the esophageal specimens showed positive periodic acid shiff reaction and intense alcianophilic granules of mucosecretory cells of tilapia and catfish giving an explanation to the nature of their contents. The mucous secreted by these cells may be attributed to the lack of the salivary glands in fishes and the mucin secreted by the esophageal epithelium may compensate them [24] . Moreover, the mucin is important for the formation of a continuous sheet along the entire wall of the esophagus, lubrication of food particles, ionic absorption, and protection of the esophageal mucosa against mechanical damage and bacterial invasion [25] . Likewise, the mucous secretion would participate in enzymatic digestion of the ingested food and to facilitate its transformation into chyme [26, 27] .
Two types of mucous secreting cells were observed in the esophageal mucosa of tilapia from which two or more types of carbohydrates were produced. This may be due to different stages of maturation and ages [26] . The undifferentiated cells that occupied the basal parts of the epithelium in both species undergo many cytoplasmic changes and become epithelial cells or goblet cells [28] . The lack of a distinction between the lamina propria and the tunica submucosa in the two species under investigation was common in many teleosts; this was associated with the absence of lamina muscularis mucosa [29] . Thick layer of collagen fibers under the epithelium constituted a layer for support, protection and strengthening in many carnivorous fish [6] .
Regarding the thick muscular layer in catfish in comparison to tilapia, this strengthens the esophageal wall and protects it from being engorged during the swallowing of solid particles and the esophagus needs well-developed circular muscles for mechanical transmission and food movement [26] .
Combining SEM with light microscopy permits a better visualization of structure-function relationship in this organ [2] . In this connection, the microridges detected in the esophageal region of the studied fishes also have been reported in the esophageal region of many teleosts [30] [31] [32] [33] .
Similar microridges which have been reported in various epithelial surfaces, such as skin [34, 35] and gills [36] , are subject to mechanical stress. This would appear to be an advantage in having a sculpted surface for absorbing impacts. On the other hand, these microridges appeared as striations in rainbow trout [37] . The fingerprint-like microridges observed on the superficial layer of the epithelium of the esophagus of catfish may represent a mechanical adaptation that would withstand the trauma resulting from ingesting bulky materials; similar observations were reported in Notopterus notopterus and Oreochromis mossambicus [38] .
Light and scanning electron microscopical examinations of the esophagus of both species revealed that there were no taste buds in the epithelial lining of the esophagus; this was similar to the findings in walking catfish and piranha [39] , silverside Odontesthes bonariensis [40] and Engraulis anchoita [15] . The lack of the taste buds in the esophageal mucosa of these fishes may suggest that they are not food selective as many other species [28, 33, 41] . On the other hand, presence of the taste buds in the esophageal mucosa was detected in Mystus aor [33] , silverside Odontesthes bonariensis [40] , and grass carp [16] . The presence of the striated muscle fibers of the tunica muscularis in the esophagus would indicate that the food might be ejected or kept in this segment of the digestive system, which would induce the gastric secretion [3] .
